Background Bioactive compounds found in coffee and tea may delay the progression of prostate cancer. Methods We investigated associations of pre-diagnostic coffee and tea consumption with risk of prostate cancer recurrence/progression. Study participants were men diagnosed with prostate cancer in [2002][2003][2004][2005] in King County, Washington, USA. We assessed the usual pattern of coffee and tea consumption two years before diagnosis date. Prostate cancer-specific outcome events were identified using a detailed follow-up survey. Multivariable Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and 95 % confidence intervals (CIs). Results The analysis of coffee intake in relation to prostate cancer recurrence/progression included 630 patients with a median follow-up of 6.4 years, during which 140 prostate cancer recurrence/progression events were recorded. Approximately 61 % of patients consumed at least one cup of coffee per day. Coffee consumption was associated with a reduced risk of prostate cancer recurrence/progression; the adjusted HR for C4 cups/day versus B1 cup/week was 0.41 (95 % CI: 0.20, 0.81; p for trend = 0.01). Approximately 14 % of patients consumed one or more cups of tea per day, and tea consumption was unrelated to prostate cancer recurrence/progression. Conclusion Results indicate that higher pre-diagnostic coffee consumption is associated with a lower risk of prostate cancer recurrence/progression. This finding will require replication in larger studies.
Several lines of experimental evidence suggested that tea polyphenols delay the development and progression of prostate cancer [9] [10] [11] . As far as we know, the association of tea consumption with prostate cancer outcomes has not been investigated.
In the present analysis, we investigated pre-diagnostic coffee and tea consumption in relation to prostate cancer outcomes. The study was conducted among a populationbased cohort of prostate cancer patients from King County, Washington, USA, who were followed prospectively for more than five years for the development of adverse prostate cancer outcomes.
Materials and methods

Study participants and data collection
The study population consisted of prostate cancer patients (n = 1,001) from a population-based, case-control study of prostate cancer. These men were aged 35-74 years at diagnosis, which occurred from 1 January 2002 through 31 December 2005 [12] . Study participants were identified via the Seattle-Puget Sound Surveillance, Epidemiology, and End Results (SEER) Program cancer registry. This registry provided information on Gleason score, tumor stage, and serum prostate-specific antigen (PSA) level at diagnosis as well as primary therapy for prostate cancer. The study was approved by the Institutional Review Board of the Fred Hutchinson Cancer Research Center, and written informed consent was obtained from all participants.
Exposure assessment
Usual dietary intake was derived from a validated food frequency questionnaire (FFQ) [13] that queried dietary intake two years prior to prostate cancer diagnosis date. With regard to tea and coffee consumption, frequency of intake was assessed by using nine standard response categories that ranged from never or less than once a month to six or more times per day. Although the type of tea was not specified, it is assumed that men in this US-based study rarely drink tea other than black tea [14] . The FFQ was completed by 897 participants (90 %). Men who had missing data on consumption of coffee (n = 3) or tea (n = 5) were excluded from the respective analyses. The median time between prostate cancer diagnosis and completion of the FFQ was 8.3 months. Participants also completed a structured, in-person interview, administered by a trained male interviewer, about demographic and lifestyle information, family history of cancer, medical history, medication use, and prostate cancer screening history.
Prostate cancer outcomes
Prostate cancer recurrence/progression events were ascertained using a follow-up survey in 2011 that included questions on a physician's diagnosis of prostate cancer recurrence/progression, use of secondary therapies, PSA test results, or a positive biopsy, bone scan, CT, or MRI showing evidence of recurrent/progressing prostate cancer. All patients, who were alive at the time of the follow-up survey, consented to future contact and, who were diagnosed with non-metastatic disease, were included in the analysis of prostate cancer recurrence/progression (n = 900). Of these men, 661 completed the follow-up survey (73 %). Response to the follow-up survey was unrelated to clinical parameters including Gleason grade, disease stage, and PSA level at diagnosis. Prostate cancer recurrence/progression defined on the basis of follow-up PSA tests varied by primary treatment: a posttreatment PSA value of 0.2 ng/mL or greater in men who underwent radical prostatectomy; nadir PSA level ?2 ng/mL (Phoenix criteria) [15] , for men treated with radiation therapy; or a rising PSA in men treated with primary androgen deprivation therapy (ADT). We coded a patient as being on active surveillance if they did not undergo any form of primary therapy within one year after diagnosis date. If the patient was treated later (12? months post-diagnosis date), but we did not find evidence from a repeat biopsy showing Gleason score upgrading or a physician's statement that the patient had progressed based on PSA testing, we did not consider them as having a progression event. The date of recurrence/progression was determined for patients who died from prostate cancer prior to the follow-up survey using multiple imputations (n = 23) [16] , and for one case from medical records. The censoring date for nonevents was the date that the follow-up questionnaire was returned, and the date of last follow-up for recurrence/progression events was 24 July 2011 (the date the last questionnaire was returned). Data on prostate cancer recurrence/progression were available for 685 participants, and 630 and 629 of these men provided data on coffee and tea consumption, respectively.
Cause-specific deaths were ascertained from the SEER registry, which links quarterly with the Washington State Vital Statistics Database and annually with the National Death Index. The completeness of survival follow-up through linkage with these registries is estimated to be close to 100 %. Underlying cause of death obtained from these registries was verified by a review of death certificates, with over 99 % agreement. The date of last followup for survival was 1 July 2012.
Statistical analyses
Coffee and tea consumption were tabulated according to a number of selected patient characteristics. Cox proportional hazards regression was used to obtain hazard ratios (HRs) and corresponding 95 % confidence intervals (CIs) for the associations between coffee and tea consumption and risk of prostate cancer recurrence/progression. P values for linear trends were calculated by using median values within consumption categories. We modeled five categories of coffee consumption (B1/week; 2-6/week; 1/day; 2-3/day; C4/day) and three categories of tea consumption (B1/week; 2-6/week; C1/day) with the lowest category (B1/week) as the referent group. Age-adjusted models and multivariable models adjusted for age at diagnosis (years), Gleason score (2-6, 7(3 ? 4), 7(4 ? 3), [8] [9] [10] , stage at diagnosis (local, regional), diagnostic PSA level (\10, 10-19, C20), primary treatment approach (radical prostatectomy, radiation with or without androgen deprivation therapy (ADT), ADT only, no active treatment (active surveillance), other treatment), race (Caucasian, AfricanAmerican), first-degree family history of prostate cancer (no, yes), smoking status (never, former, current), and prostate cancer screening within the five-year period prior to the diagnosis date (none, digital rectal examination only, PSA testing) were completed. The following factors were additionally assessed as potential confounders: education, lifetime alcohol consumption, recent exercise frequency, body mass index (BMI), regular aspirin use, regular nonaspirin NSAID use, history of diabetes mellitus, and consumption of tea (when analyzing coffee) or coffee (when analyzing tea). None of these was included in the final models, as they had little effect on the risk estimates or precision. The proportional hazards assumption was tested using the scaled Schoenfeld residuals [17] . All tests were two-sided, with a P value of less than 0.05 considered to be statistically significant. Analyses were performed using STATA software (release 12, STATA Corporation, College Station, TX).
Results
The analysis of coffee consumption in relation to prostate cancer recurrence/progression included 630 patients. Table 1 shows the baseline characteristics of patients according to coffee consumption categories. Approximately 61 % of patients consumed at least one cup of coffee per day, and 12 % of patients were in the highest category of coffee consumption (C4 cups/day). Coffee consumption was higher in Caucasians, men who were (former, current) smokers, and in those reporting alcohol consumption (all p \ 0.01). Coffee consumption was lower in men who exercised frequently (C4 times/week; p = 0.02) and in those reporting tea consumption (C1 cup/ day; p \ 0.01). All other characteristics were unrelated to coffee consumption (Table 1 ). The distribution of coffee consumption was not different compared to the entire patient cohort (n = 894) (data not shown).
The analysis of tea consumption in relation to prostate cancer recurrence/progression included 629 patients. Table 2 shows the baseline characteristics of patients according to tea consumption categories. Approximately 14 % of patients consumed one or more cups of tea per day. Tea consumption was higher in men who reported having a college or graduate degree (p \ 0.01), lower in men who were (former, current) smokers (p = 0.03), and in those reporting coffee consumption (p \ 0.01). All other selected characteristics were unrelated to tea consumption ( Table 2 ). The distribution of tea consumption was not different compared to the entire patient cohort (n = 892) (data not shown).
For the analysis of coffee consumption, there were 140 prostate cancer recurrence/progression events (median: 6.4 years of follow-up; interquartile range (IQR): 5.2-7.6 years). These 140 events included 25 fatal prostate cancer cases, 10 cases who developed metastases, 77 cases who received secondary treatment for recurrent/progressing prostate cancer, and 28 cases with a rising PSA level (i.e., biochemical only). In the fully adjusted model, coffee consumption was associated with a reduced risk of prostate cancer recurrence/progression with an HR of 0.41 (95 % CI: 0.20, 0.81) for C4 cups/day versus B1 cup/week (p for trend = 0.01) ( Table 3) . In an additional analysis, we excluded those men for whom the only evidence of recurrence/progression was a rise in PSA (n = 28); the adjusted HR for C4 cups/day versus B1 cup/week was 0.44 (95 % CI: 0.21, 0.93; p for trend = 0.02) (data not shown).
For the analysis of tea consumption, there were 141 prostate cancer recurrence/progression events (Table 3) . These events included 25 fatal prostate cancer cases, 11 cases who developed metastases, 77 cases who received secondary treatment for prostate cancer, and 28 cases with a rising PSA level (i.e., biochemical only). Tea consumption was not associated with prostate cancer recurrence/progression; the adjusted HR for C1 cup/day versus B1 cup/week was 1.08 (95 % CI: 0.65, 1.78; p for trend = 0.64). The results were unchanged after excluding 28 men for whom the only evidence of recurrence/progression was a rise in PSA (data not shown).
We also evaluated daily coffee consumption in relation to prostate cancer-specific mortality in all 894 patients with data on coffee intake. During a median follow-up time of 8.5 years (IQR: 7.3-9.5), 125 deaths were identified, including 38 prostate cancer-specific deaths. Daily coffee consumption (C1 cup/day versus \1 cup/day) was not associated with prostate cancer-specific mortality (adjusted HR = 0.77; 95 % CI: 0.41, 1.46) or other-cause mortality (adjusted HR = 0.69; 95 % CI: 0.45, 1.06). The point estimate for prostate cancer-specific mortality was similar when Cox regression was used instead of competing risk regression. We did not investigate the association of tea consumption with cause-specific mortality because there were too few events in the category of C1 cup of tea per day. 
Discussion
In this US population-based cohort of prostate cancer survivors, pre-diagnostic coffee consumption was associated with a reduced risk of prostate cancer recurrence/ progression. Patients in the highest compared to the lowest category of coffee consumption (C4 cups/day versus B1 cup/week) had a 59 percent reduction in risk. No associations were observed for tea. Our study included detailed data on prostate cancer recurrence and progression. A composite definition of recurrence/progression was developed that included Cancer Causes Control (2013) 24:1947-1954 1951 patients who died of prostate cancer, developed metastasis, received secondary treatment, or had a rising PSA. Because pretreatment PSA levels may be a poor predictor of prostate cancer-specific survival [18] , we repeated the analysis after excluding events defined as a rise in PSA only and found that the association between coffee and a reduced risk of prostate cancer recurrence/progression remained statistically significant. The inverse association is consistent with the results from a recent prospective analysis completed in the Health Professionals Follow-up Study cohort [1] . The authors evaluated both incident prostate cancer (n = 5,035 cases) and lethal prostate cancer (defined as prostate cancer-specific death or metastatic disease; n = 642 cases). The study showed that men in the highest compared to lowest category of coffee consumption (C6 cups/day versus nonconsumers) had a modestly decreased risk of developing overall prostate cancer (adjusted HR = 0.82; 95 % CI: 0.68, 0.98), and the association was much more pronounced for men who subsequently developed metastatic/lethal prostate cancer (adjusted HR = 0.40; 95 % CI: 0.22, 0.75). The authors additionally found an inverse association with advanced prostate cancer at diagnosis or follow-up (defined as stage T3b, T4, N1, or M1 at diagnosis or metastatic/lethal prostate cancer) and a nonsignificant decrease in risk of high-grade prostate cancer (Gleason 8-10) at diagnosis. The few additional studies that have investigated the association of coffee consumption with the risk of high stage or high-grade prostate cancer showed mixed results [19] [20] [21] , and further studies of this issue are needed. In our patient cohort, however, we found no evidence that coffee consumption was related to clinical parameters such as disease stage, Gleason grade, or PSA level at diagnosis.
In an additional analysis, we evaluated daily coffee consumption (C1 cup/day versus \1 cup/day) in relation to prostate cancer-specific mortality and observed a nonsignificant 23 % lower risk. This analysis included only 38 events and thus had insufficient power to investigate the potential coffee-prostate cancer-specific mortality relationship. The limited number of events after a follow-up of 8.5 years is expected given the typically long time for prostate cancer to progress to a fatal outcome [22] . Our study also showed that coffee consumption was associated with a 31 percent lower risk of death from other causes. An inverse association between coffee drinking and mortality is supported by the results from a recent large-scale, USbased, prospective study by Freedman et al. [23] . This study found that coffee consumption was associated with a significantly decreased risk of overall mortality and death due to several causes. The potential association between coffee consumption and prostate cancer-specific mortality was not examined in the Freedman et al. study [23] . Additional large prospective studies of the relationship between coffee and prostate cancer outcomes, including recurrence/progression and prostate cancer-specific mortality, are urgently needed to confirm whether coffee intake is beneficial for secondary prevention. Several phytochemicals in coffee may be responsible for the associations observed in our study. There is evidence from laboratory studies that caffeine delays metastasis [6] and possible anticancer effects of caffeine include antiproliferative and pro-apoptotic activities [24, 25] . Total caffeine intake has been associated with a reduced risk of several cancer types, including basal cell carcinoma [26] , glioma [27] , and ovarian cancer [28] . Wilson et al., however, showed that the inverse association with lethal prostate cancer was similar for regular and decaffeinated coffee, suggesting that the association may be due to noncaffeine components of coffee [1] . Other potentially bioactive compounds in coffee are the diterpenes cafestol and kahweol, and biologic properties of these compounds may be related to the induction of phase II enzymes, which may inhibit carcinogenesis [29] . Coffee is also a major source of chlorogenic acid; several biologic activities have been associated with the consumption of these phenolic compounds, including anti-inflammatory and antioxidant effects and modulation of glucose metabolism [3, 30] . There is also evidence that caffeic acid and chlorogenic acid in coffee can inhibit DNA methylation, a biochemical process involved in the development and progression of many cancer subtypes [31] .
There has also been considerable interest in the possible chemopreventative effects of tea on prostate cancer. A number of in vivo and in vitro laboratory studies showed that tea extracts inhibit prostate cancer growth [8] [9] [10] [11] . There has been one small proof-of-principle clinical trial that showed that green tea catechins may delay the progression of prostate intra-epithelial neoplasia to prostate cancer [32] . This interesting finding, however, has not been reproduced and needs further corroboration [9] . To our knowledge, our study is the first to investigate the potential association between tea consumption and prostate cancer outcomes, and we found no evidence that tea drinking alters progression/recurrence-free survival. It is important to note, however, that few patients in our cohort were regular tea drinkers, and the highest category of tea consumption was defined as one or more cups per day. The association of tea drinking with prostate cancer recurrence or progression should be investigated in future studies that have access to populations with higher levels of tea consumption.
Our study has several strengths, including its population-based prospective design and extended patient followup for assessing prostate cancer recurrence/progression. We also had detailed information on lifestyle, medical history, and clinical and pathological parameters and were, therefore, able to adjust for potential confounding. The study has some limitations as well. Repeated exposure measurements during the follow-up period were not available. It may be that changes in the consumption of tea or coffee after diagnosis resulted in risk attenuation of our estimates. Although we had sufficient power to study associations between coffee consumption and prostate cancer recurrence/progression, we had limited power to assess the risk of prostate cancer-specific mortality. The sample size also did not allow us to study associations among men with a specific primary treatment (e.g., radical prostatectomy, radiation therapy). We cannot rule out the possibility of survivor bias. We, however, investigated coffee and tea intakes in men who were not included in the recurrence/progression analysis and found no evidence that intake patterns were different. An additional limitation is the lack of data on whether men consumed caffeinated or decaffeinated coffee. We also had no data on how coffee was prepared (espresso, boiled, filtered), and the bioactive chemicals of coffee may differ according to the method of preparation [4] .
In conclusion, our study demonstrates that prostate cancer patients who consumed four or more cups of coffee per day, before prostate cancer diagnosis, had a substantial increase in prostate cancer recurrence/progression-free survival. The association needs to be confirmed in future prostate cancer studies that include larger cohorts with a wide range of coffee consumption levels and extended follow-up for assessment of prostate cancer outcomes.
